Electrochemically shape-controlled formation of concave AuPd alloy nanoparticles on ITO substrate by 刘涛 et al.
  引用格式：  刘涛,黄蕊,刘硕,孙世刚. ITO负载内凹AuPd合金纳米粒子形状的电化学调控. 中国科学: 化学, 2017, 47: 671–675
Liu T, Huang R, Liu S, Sun SG. Electrochemically shape-controlled formation of concave AuPd alloy nanoparticles on ITO substrate. Sci Sin







收稿日期: 2016-12-20;接受日期: 2017-02-21;网络版发表日期: 2017-04-24
国家自然科学基金(编号: 21621091)资助项目
摘要       运用电化学方波电位法,在氧化铟锡(ITO)透明导电膜玻璃基底上实现AuPd纳米粒子的形状控制合
































中国科学: 化学 2017 年  第 47 卷  第 5 期: 671 ~ 675


































0.01 mmol/L HAuCl4+0.09mmol/L H2PdCl4溶液中, 首
先控制电位1.20 V极化2 s,除去ITO表面吸附的有机物
种;然后电位阶跃到−0.20 V停留0.014 s进行快速成核,






































个六角锥 , 总共48个面 , 形成内凹六八面体的形状 ,
与图2(b, c)中的模型图十分吻合,其表面由{hkl}高指
数晶面围成[12]. 与TOH AuPd NPs相比, HOH AuPd NPs
相当于AuPd TOH NPs的每一个面中间长出一条棱,从
而使一个面变成两个面.
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图 1    (a)制备的AuPd TOH NPs的SEM形貌表征图及其EDS能谱分析结果; (b, c)不同方向的AuPd TOH NPs高倍SEM形貌表
征图及其相应的模型图(网络版彩图)
图 2    (a)制备的AuPd HOH NPs的SEM形貌表征图及其EDS能谱分析结果; (b, c)不同方向的AuPd HOH NPs高倍SEM形貌
表征图及其相应的模型图(网络版彩图)
运用EDX对HOH AuPd NPs的组成进行分析 ,
如图2(a)中插入的列表所示 , 该粒子是由Au、Pd两
种元素组成的AuPd合金纳米粒子, Au:Pd原子比接近
于3:1 (76.34:26.36), 与TOH AuPd NPs的Au:Pd元素比
例基本一致. 说明保持方波下限电位0.30 V不变,仅改




















图 3    高指数AuPd合金纳米粒子在0.1 mol/L H2SO4溶液中
的循环伏安曲线(网络版彩图)
的多少 . 因此对比EDX表征的结果 , 可知Au在TOH
AuPd NPs和HOH AuPd NPs表面的比例高于体相的组
成. 这一结果说明, Au在AuPd合金纳米粒子表面富集.
这是由于Au (1.626 J/m2)比Pd (2.043 J/m2)表面自由能
低,在形成纳米粒子的过程中, Au原子倾向于偏析至
粒子表面,以降低合金表面的自由能,从而达到稳定状













所示,以0.30 V为下限电位,  0.64 V为上限电位,  频率
图 4    AuPd合金纳米粒子从三八面体到六八面体的形状
转变
f =100Hz,生长时间t=20min,得到TOH AuPd NPs. 对
其施加0.70 V上限电位的方波电位处理3和10min,纳米
粒子的SEM表征结果分别如图4(b, c)所示. 对比图4(a,




HOH形状, 其粒径也明显变大. 以上结果说明, 通过
升高方波的上限电位, 可以将TOH AuPd NPs转变成
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Abstract: Shape-control of AuPd alloy nanoparticles (AuPd NPs) substrated on indium-tin oxide (ITO) was successfully
achieved, for the first time, by using electrochemical square-wave-potential (SWP)method. Concave trisoctahedral AuPd
alloy NPs (TOH AuPd NPs) and concave hexoctahedral AuPd alloy NPs (HOH AuPd NPs) were prepared under SWP
conditions with lower potential of 0.3 V while different upper potentials of 0.64 and 0.70 V, respectively. Different
techniques including SEM, EDX and electrochemical cyclic voltammetry were employed to characterize the morphology
and composition of AuPd alloy NPs. The results demonstrated that the as-prepared TOH AuPd NPs and HOH AuPd NPs
are uniform in shape of correspondingly concave TOH and concave HOH, and are well dispersed on the ITO substrate.
The composition in terms of and Au:Pd atomic ratio of both TOH andHOHAuPd alloy NPs is determined by EDX around
3:1. However, a surface enrichment of Au on the AuPd NPs was observed, and is ascribed to the lower surface energy
of Au in comparison with that of Pd. It has been found that, starting from the as-synthesized TOH AuPd NPs, shape
transformation from TOH to HOH can be accomplished by applying a treatment of square wave with lower potential of
0.3 V and upper potential of 0.7 V. Prolonging the treatment time results in increasing the size of AuPd NPs, while the
HOH shape is preserved.
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